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Repetitive deliberate practice results in the development of professional expertise. In training thoracic surgeons, this
concept was incorporated by long hours and years of training. Today, the landscape has changed, and residents are no
longer allowed to work such hours. In addition, the complexity and variety of procedures performed has increased sig-
nificantly, further decreasing any particular individual’s exposure to a given technique. The incorporation of simula-
tion into resident education will allow us to increase the hours of practice for a given technique and develop expertise
before needing it in the operating room. Currently, very few models are available for these purposes. However, the
increasing interest in the development and validation of these models to support the education of our residents will
allow for progress in the near future. (J Thorac Cardiovasc Surg 2012;144:S43-7)Ten thousand hours of practice is considered the requirement
for expert performance and, according to some, compensates
for a lack of giftedness.1 In training residents, this concept is
often a challenge to believe. Given the complexity of thoracic
surgery, it is unlikely that 10,000 hours would be sufficient to
develop professional expertise in our field. Unlike training for
professional sports or musical performance, surgery is more
complex than these other disciplines. The practice of surgery
requires an expert knowledge base of complex disease and
pathologic features,management strategies, clinical scenarios,
and the mastery of open, minimally invasive, endoscopic, in-
travascular, and other diverse technical skills. In addition, it re-
quires skills in leadership and communication, which are just
as important as the technical skills themselves. Ten thousand
hours might be sufficient to become expert in a less complex
profession but is most likely insufficient for the development
of professional expertise in thoracic surgery. Simulation in sur-
gery could provide an opportunity to gain additional practice
to develop professional expertise and has been successfully
used in other disciplines to make up for a lack of experience.
The opportunities for simulation in thoracic surgical ed-
ucation are great. They range from education to standard-
ized assessment tools for cognitive knowledge, patient
scenarios, disease management, operative planning, techni-
cal skills, judgment, leadership, and crisis management.2
During the past few years, several forces have been driving
the incorporation of simulation into surgical education, in-
cluding an increased focus on resident education and train-
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The Journal of Thoracic and Cawork hour restrictions, financial constraints related to pro-
longed operative times associated with teaching, the desire
to objectively assess skills, the increase in complexity and
variety of procedures performed, and the continued devel-
opment of new technology and procedures. Also, the leaders
in thoracic surgery have recognized that this is an educa-
tional strategy that will likely change how we educate tho-
racic surgeons in the future.2-4 All these have contributed
to the increasing need for simulation and have helped to
push progress in this field. The primary focus of the
present report will be the role of simulation in technical
skill development for thoracic surgical skill acquisition.SIMULATION FOR TECHNICAL SKILLS IN
THORACIC SURGERY
In thoracic surgery, the incorporation of simulation into
technical skills education has not paralleled that of general
surgery. Early work in simulation focused on basic surgical
techniques using mostly low-fidelity models.5,6 These had
little relevance to training thoracic residents who already
possessed advanced technical skills. The creation of
additional simulation models for advanced technical skills
did not follow the development of these basic skills models.
This was because of a critical shift, the introduction of
laparoscopic surgery. This completely changed the
direction of simulation for technical skill development from
open skills to minimally invasive skills.
Laparoscopic surgery represented an entirely new skill
set that had to be taught to trainees and the rest of the sur-
gical community. Those who were adept at the performance
of open procedures such as cholecystectomy could not di-
rectly transfer their skills to the corresponding laparoscopic
procedure. All surgeons had to master the use of the new
equipment and techniques. Given the challenge of teaching
a new set of basic skills and the nature of the tools them-
selves, as well as the number of people who needed to be
trained, the development of low-fidelity box trainers and
virtual reality (VR) trainers rapidly progressed. In addition,
the tools required for laparoscopic surgery lent themselves
to box trainers and the use of simulation for teaching. For
many general surgical skills and procedures, these modelsrdiovascular Surgery c Volume 144, Number 3 S43
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VR ¼ virtual reality4 Thhave a proven efficacy in translating technical skills from
the simulator to the operating room and have been an ideal
platform for the use of simulation.7 Progress in this area has
resulted in the development and adoption of a laparoscopic
curriculum and technical skills task trainer, Fundamentals
of Laparoscopic Surgery, for the education and assessment
of basic laparoscopic skills. This has been endorsed by the
American College of Surgeons.8
Although mastery of Fundamentals of Laparoscopic Sur-
gery has been demonstrated to translate to improved opera-
tive performance, it has not been tested in translation to
thorascopic skills. The skill set for minimally invasive tho-
racic procedures are sufficiently different that it would not
be likely to do so, except for those procedures that use an ab-
dominal approach. Traditional laparoscopic instruments are
poorly suited formostminimally invasive thorascopic proce-
dures, including wedge resection, segmentectomy, or lobec-
tomy, robotic coronary bypass grafting, and mitral valve
repair. As such, the current box trainers and VR trainers do
not address the technical needs of theminimally invasive tho-
racic surgeon. This is a wide open opportunity for thoracic
surgeons, because we are uniquely poised to identify what
skills would be useful and how these might be addressed
with the development of thoracic-specific skills models.
Currently, because of the work hour restrictions and the
use of minimally invasive techniques, surgery residents
are not exposed to as many open procedures as they were
previously. Open technical skills have faltered, resulting
in increased complication rates for some procedures.9 It is
likely that surgery residents will not be as technically well
prepared for complex thoracic surgery as they once were.
This is an opportunity for thoracic surgery, given that
most open procedures performed within our discipline re-
quire advanced technical skills. We are uniquely poised to
recognize the types of critical skills needed and to develop
models to aid in the teaching and assessment of these
skills.10 There remains a paucity of models for complex
open technical skills, although now that the value of simu-
lation has been realized, many are in development.
TECHNICAL SKILLS MODEL DEVELOPMENT
Open Skills Models
Open skills models are available in both high fidelity and
low fidelity and range from task trainers to procedural-
based models. High-fidelity models can be animal based, ei-
ther living or not, virtual or entirely synthetic. High fidelity
is often useful for technical skills for specific procedurese Journal of Thoracic and Cardiovascular Surgand management of intraoperative scenarios. Live animal
models are among the highest fidelity models; however,
the costs and ethics associated with their use prohibit these
models from being a reasonable repetitive source for teach-
ing. Animal part-based models are also high fidelity but do
not carry the same challenges and have been demonstrated
to be effective teaching tools. For cardiac surgery, an aug-
mented reality simulator using explanted porcine heart
and aorta has been effective in teaching technical skills
for coronary artery surgery, aortic valve replacement, and
intraoperative crisis management.11 This model is not yet
commercially available. Similarly, open lobectomy models
and chest wall resection/reconstruction models have been
created for similar approaches to technical skill develop-
ment in general thoracic surgery.12-14 Again, these models
consist of readily available synthetic materials combined
with animal parts, where needed, to improve the fidelity.
Although these models are higher fidelity, they have other
challenges associated with their use. The lack of life in
the postmortem animal models and the dissimilar
bronchovascular anatomy, a critical component of
thoracic education, are obstacles to the universal
acceptance of these models. One needs ample freezer
storage and space, assistance in setting up the models, and
an attending surgeon to proctor their use.15 Despite these
challenges, these are currently some of the most effective
models in use. Given the procedural skills associated with
the use of these models, teaching with these models often
spans technical and cognitive skill-based learning. Extra-
corporeal membrane oxygenation and perfusion simulators
(Stockert S-5 HLM, Sorin Group USA, Arvada, Colo; and
the Orpheus, ULCO Technologies, Marrickville, Australia)
have demonstrated effectiveness in teaching the skills nec-
essary to effectively and safely use this modality.16-18
Industry and others have begun working on the develop-
ment of synthetic models for thoracic surgery, both high and
low fidelity, that can be used to teach and assess advanced
open skills.19 Low-fidelity models for advanced technical
skills in thoracic surgery have been demonstrated to im-
prove skills as measured using the Objective Structured As-
sessment of Technical Skills and higher fidelity animal
models.20 Many of these are still in the development stage,
and validation of these is in progress.21 Of the simulation
companies focused on providing high-quality models for
thoracic surgical simulation, the Chamberlain Group (avail-
able from: www.thecgroup.com) has high-quality synthetic
items and a wide selection of available products for specific
technical skills. Although these types of models are ideal
for independent study, their incorporation must be done
carefully to ensure effective skill development.21
Minimally Invasive Thoracic Models
Although laparoscopic surgery has experienced the rapid
growth of simulation models and VR systems for theery c September 2012
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cal procedures, the parallel development of models and VR
programs for minimally invasive thoracic surgical proce-
dures has not occurred. The reasons behind this are
multifactorial.
Box trainers are fairly inexpensive once developed, but
the development of a box trainer to teach and assess techni-
cal skills for minimally invasive thoracic procedures will
likely need to cover a variety of skills. The minimally inva-
sive skills necessary to perform robotic coronary artery by-
pass grafting are different from those necessary for robotic
mitral valve repair and different from those required for
thorascopic lobectomy. Given the availability of a robotic
simulator, one can envision combining this with a pericar-
dial well and porcine heart to simulate robotic mitral valve
repair, but, surprisingly, this has not yet been reported.
VR systems for the performance of these procedures hold
promise; however, they require significant funds for devel-
opment. Not surprisingly, excellent VR endoscopy simula-
tors are available that simulate bronchoscopy and
gastrointestinal endoscopy within 1 unit. This technology
is widely applicable to gastroenterologists, pulmonologists,
general surgeons, and thoracic surgeons, supporting the
business plan for the development of such a system. Despite
the wide availability, the complete system remains expen-
sive, at about US$150,000; however, continued work in
this area will likely drive the costs down. Given the rela-
tively basic skills acquired with such a model, one might
wonder how the cost for such a unit could be justified.
The current VR models for general surgical procedures
cost about US$40,000.
Thoracic procedures are more diverse and less frequently
performed compared with their general surgical counter-
parts. Also, the number of residents trained annually is far
fewer than the number of general surgical programs. These
factors create financial challenges for industries interested
in developing this technology. Also, the lack of haptic feed-
back associated with VR systems could have a greater effect
on the transferability of technical skills in thoracic surgery
compared with the VR systems for laparoscopic general
surgical procedures. The validation of such models will
be critical. Despite these challenges, interest exists among
thoracic surgeons to develop this much needed technology,
and they have been the driving force.22 Although some have
taken on the preliminary work in this area, currently, no
commercially available VR trainers are available for thora-
scopic lobectomy.
Although the business model for VR systems in thoracic
surgery might not make sense from the volume of proce-
dures and number of residents we train, additional factors
could influence the development of such programs.
‘‘Open heart surgery’’ has a certain market appeal, and
this might be sufficient to support the development of VR
gaming systems. Progress and innovation in other areasThe Journal of Thoracic and Casuch as imaging technology have already allowed for at
least operative planning to be simulated before the proce-
dure.23,24 These are not directly technical but could allow
for improved visualization of the operative expectation
and will contribute to the technology used to create the
skills models.
Thoracic Skills Model Validation
Formal validation of simulation models is critical to their
use in education. For the development of simulation
models, the model should meet 5 types of validity: face val-
idity, content validity, construct validity, concurrent valid-
ity, and predictive validity. The reference standard in
simulation is the predictive validity or the demonstration
of transferability of skills from simulation model to the op-
erating room. To meet this standard, a randomized con-
trolled study would be ideal, but it will likely remain
a challenge in our specialty when attempting to validate
models within an individual program.14 It is here where
live animal models might have to suffice as an alternative
to the real operating room. In addition, we face other chal-
lenges specific to our specialty. Most thoracic programs
train few residents; thus, meeting the minimum sample
size to detect a difference between groups would be difficult
for most programs. Also, given that most residents in a tho-
racic program have different backgrounds, establishing
equivalent baseline characteristics is another hurdle. Repet-
itive deliberate practice over time is the ideal strategy for
long-term skills retention. However, during training, each
resident’s interval experience would likely not be equiva-
lent, adding a statistical challenge. With each challenge,
there is an opportunity, and one could envision collaborative
efforts between training programs in a common location to
overcome these issues.
Given the fewer number of residents trained annually and
the fewer types of procedures performed across the United
States, the business opportunities driving the development
of thoracic models will be less than that for general surgical
procedures. Despite these challenges, many recognize the
value of simulation and are working to establish a formal
thoracic surgery curriculum with accompanying skills
models to standardize thoracic education and create a uni-
form product.3 One would expect that this would also even-
tually lead to standardized assessments of both minimally
invasive and open technical skills for thoracic surgery.
INCORPORATION OF TECHNICAL SKILLS
SIMULATION FOR THORACIC SURGERY
EDUCATION
The use of simulation models to teach must be carefully
constructed, because many studies have suggested that the
methods of incorporation are critical.25 Given the amount
of time and effort involved in establishing curricula and
models, one would like to optimize the effect. Thisrdiovascular Surgery c Volume 144, Number 3 S45
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and, one would anticipate, in thoracic surgery as the skills
models and curricula are developed. Given the accessibility
of multiple simulation models and the greater experience of
incorporating simulation into surgical education, there is
much to learn from the efforts of our general surgery
colleagues.26,27
The optimal methods for incorporating simulation into
surgical education are currently being defined. Most pub-
lished data have suggested that mandatory distributed delib-
erate practice with formal assessment and feedback is the
ideal strategy and results in the best long-term reten-
tion.1,28,29 That being said, this is not always practical or
possible, and mass practice is not without merit.30,31 This
is a particular challenge for our specialty, especially when
one considers repetitive deliberate practice as the optimal
education strategy.1 Additionally, the use of surgeon proc-
tors is costly, and alternative strategies of self-feedback
have shown promise, at least for the evaluation of technical
skills.32 Validating the self-assessment of technical skills in
thoracic surgery will likely improve the incorporation of
simulation into our training programs andwill likely be a fo-
cused area of research.
CONCLUSIONS
Thoracic surgery faces significant challenges in the de-
velopment and incorporation of simulation into training
our residents in our specialty. The leaders of our specialty
have recognized the need to change the methods we use
to educate and are working toward a standardized curricula
with supportive simulation technology. However, most sim-
ulation equipment and technology are expensive. For sur-
gery programs, these costs can be distributed among
a wider population of residents. Thoracic surgery programs,
for the most part, are significantly smaller, creating a signif-
icant financial burden for both the industry developing this
technology and the programs using it.
Given the expanding variety of operations and proce-
dures performed to treat the same pathologic findings, the
total volume for any specific particular procedure per-
formed has decreased, limiting a resident’s opportunity to
learn each procedure. This is exacerbated by the decreased
work hours and might be compounded by attempts to
shorten the training period for thoracic surgery.33 Simula-
tion is an opportunity to overcome these challenges in train-
ing thoracic residents. With the creation and validation of
curricula and simulation models to match each procedure,
we will be able to give residents the opportunity to practice
a required skill, to perfection, before relying on that skill in
the care of a patient. However, unlike the development of
professional expertise in professions such as music or
sports, surgery is not to be equated with mastering the piano
or the game of tennis but might be more directly comparable
to mastering all musical instruments of an orchestra, withS46 The Journal of Thoracic and Cardiovascular Surgmultiple genres included. One could master classical piano
but be unable to play the flute or violin, not to mention jazz
or popular music. All have the common language of music,
but there are inherent technical differences in playing music
on 1 instrument versus the other and from 1 genre to the
other. As such, one could master gastrectomy for cancer
but be unable to perform the laparoscopic equivalent or
more complex open procedures such as a lobectomy or aor-
tic valve replacement, not to mention the minimally inva-
sive equivalent of these. It is here that simulation will
allow us to provide residents with the technical aspects of
a particular procedure or technique. One can practice until
proficient to make up for the lost exposure and to adapt to
the continually increasing complexity and variety of proce-
dures being performed.References
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